ABSTRACT. Monocytes bear insulin receptors similar to those expressed in other tissues, but insulin action in these cells remains unclear. There is evidence that adhesion, by generating a complex array of irreversible transformations, may modify the response of cells to other stimuli, such as hormones. The present study aimed to characterise the pattern of insulin induced tyrosine phosphorylation of monocytes in suspension. Monocytes in suspension were obtained by sequential gradient centrifugation and the tyrosine phosphoproteins were analyzed by immunoblot with antiphospho-
INTRODUCTION
Several studies have recognised that monocytes and insulin resistence playa very important role in atherogenesis. Nevertheless, insulin action on monocytes is still unclear. Monocytes playa very important role in the immune system as immunomodulating cells, antigen-presenting cells and effector cells (1, 2) . Monocytes circulate for 24-48 h then adhere to the endothelium (3, 4) and migrate into tissues where they differentiate in macrophages (5). An important step in the migration process is adhesion, which can modify the cells response to stimuli such as cytokines and hormones (6) (7) (8) . Adherence leads to a general activation of several genes involved in the early defence response (9). Monocytes bear insulin receptors structurally and functionally similar to those expressed in other tissues (10). Insulin initiates its metabolic and growthpromoting effect by binding to the a-subunit of its tetrameric receptor, thereby activating the tyrosine kinase in the ~-subunit (11-13). In most cells, this primary event leads to the subsequent tyrosyl ph os- 
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tyrosine antibodies. The major result of the study is that in suspended monocytes insulin induced a dose and time dependent dephosphorylation of a protein with a molecular mass of about 92 kDa without stimulating the tyrosine phosphorylation of the Insulin Receptor Substrat-1 (IRS-1). In conclusion, we showed that in monocytes in suspension insulin seems to activate a tyrosine phosphatase, which, in turn, dephosphorylates a protein with an apparent molecular weight of 92 kDa. (J. Endocrinol. Invest. 21: 93-97, 1998) @1998, Editrice Kurtis phorylation of IRS-1, a cytosolic protein with a molecular weight comprised between 160 and 185 kDa (14). Considerable evidence demonstrates that insulin receptor tyrosine kinase activity and associated IRS-1 phosphorylation are essential for many, if not all, biological effects of insulin (15, 16) . In a previous work we have shown that in adherent monocytes insulin induces the tyrosine phosphorylation of the ~-subunit of its own receptor without stimulating the phosphorylation of IRS-1 (17). Thus, the aim of the present work was to characterise the insulin stimulated tyrosine phosphorylated proteins of monocytes in suspension.
EXPERIMENTAL PROCEDURE

Materials
Phenylmethansulfonic acid (PMSF), aprotinin, p-nitrophenyl phosphate, dithiothreitol DDT and bovine serum albumin (fraction V) were purchased from Sigma (St. Louis, MO.USA). The porcine insulin used came from Novo Nordisk. Sodium dodecy sulfate (SDS), TrisHcI, Triton x-100 and reagents for SDS-PAGE, including molecular weight standards were from Bio-Rad (Italy). Hepes and immobilised protein A beads were obtained from Boehringer Mannheim (Germany). Goat antirabbit IgG conjugated to horseradish peroxidase, nitrocellulose and the ECl detection kit for immunoblotting were purchased from Amersham (Italy). Polyclonal antiphosphotyrosine antibodies were raised in rabbits and affinity purified on phosphotyramine columns as described by Kamps and Sefton (18) . The antiinsulinreceptor antibodies 83-14 were kindly provided by Prof. K.Siddle (Cambridge U.K.). Tissue culture supplies were from Costar. All other reagents were of at least analytical grade purity.
Separation of circulating monocytes
Blood was drawn from healthy young donors. Mononuclear cells were isolated using the FicollHypaque (19) gradient and the monocytes in suspension were then obtained with the method described by H.R. Recalde (1984) (20) . This method improved monocyte purity, but did not affect cell viability or function. Monocytes purity, judged by morphology and C014 immunofluorescence staining, varied between 80% and 95%. The suspended cells were cultured in polypropylene tubes for 12h in RPMI-1640 without serum at 37 C with 5% CO 2 in order to allow them to reach a quiescent state. At the end of the incubation time, the cells were vital and still able to adhere to plastic surfaces. Monocytes were stimulated by adding insulin at 37 C for the concentrations and times indicated in the figures. All subsequent steps were carried out at 4 C. After stimulation, the cells were immediately cooled on ice, washed with cold PBS and homogenized in 50 mM Hepes (pH 7.6), 1 % Triton x-100, 0.1% SOS, 10mM sodium pyrophosphate, 100 mM sodium fluoride, 4 mM EOTA, 2 mM sodium vanadate, 1 mg/ml aprotinin and 2 mM phenylmethysulfonyfluoride. In the experiments with anti-insulin receptor antibodies, the buffer was without SOS. The detergent insoluble material was sedimented by centrifugation at 100,000 g. The immunoprecipitation was carried out by adding a specific antibody to the sample
Insulin effect in monocytes in suspension and by incubating for 2 h on a roller at 4 C. The immunocomplexes were then precipitated with protein A beads. The precipitate was washed twice with a solution containing 50 mM Hepes pH 7.6, 1 % Triton x-1 00, 0.1 % SOS and once with 0.1 % Triton x-1 00 and 0.01 % SOS in the same buffer. The samples were treated with Laemmli buffer (21), reduced with 100 mM OTT, separated by SOS-PAGE. Electrotransfer of the proteins was performed at 10 mA for 12 h in a mini gel apparatus (Bio-Rad). Non specific protein binding to the nitrocellulose was reduced by pre-incubating the filter at room temperature for 1 h in blocking buffer (5% BSA, 20 mmol Tris (pH 7.6), 150 mmol NaCI and 0.5% Tween 20). The nitrocellulose blot was then incubated with antiphosphotyrosine antibodies (3 IJg/ml) diluted in blocking buffer for 4 h at room temperature and washed four times with 0.1% BSA, 0.1% Tween 20, 20 mmol Tris (pH7.6) and 150 mmol NaCI for 10 min. The blots were then incubated with goat anti rabbit IgG conjugated to horseradish peroxidase for 1 hand washed again as described above. The immunoreactive proteins on the nitrocellulose were visualized on film by chemiluminescence peroxidase substrate (ECL, Amersham) according to the manufacturer's instructions.
RESULTS
In the present study, we have investigated the insulin stimulated tyrosine phosphorylation in suspended monocytes. Insulin induced a tyrosine dephosphorylation of a major band with a molecular weight of about 92 kOa. The dephosphorylation was almost complete at a hormone concentration of 100 ng/ml (Fig. 1) 
